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Abstract

In order to study the sexual dimorphism of codling moth, Cydia pomonella (L.), nine geographical
populations were collected from four provinces, East Azarbayjan, West Azarbayjan, Ardebil and Zandjan,
in the North West of Iran in autumn 2003. By transforming the landmark geometric data into partial warp
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scores, 26 and 18 scores were obtained for the fore and hind wings, respectively. Relative warp analysis
was performed and wings relative variations in two sexes were determined. Allometry test was carried out
after estimating centroid size of individuals. Population-sex interaction was significant in two wings. To
determine the contribution of uniform and non-uniform shape variables in explaining populations and
sexes differencess MANOVA was performed separately for each type of variables. The result revealed
that the non-uniform variables were more effective in determining sex differences in different populations
especialy in the hind wing. Simple analysis of variance (ANOVA) indicated that the centroid size of
females was significantly greater than that of males. Allometry test revealed non significant association
between centroid size and wing shape variations in males and females. RWA showed well discrimination
between sexes, especialy based on the hind wing landmarks. Overall shape deformation indicated wider
basal part of wing in females compared with males especially in the hind wing.

K ey wor ds: geometric morphometrics, sexual dimorphism, codling moth, Cydia pomonella
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Table 1. Number of fore and hind wing images taken from the male and females of codling

moth.

Population Forewing Hind wing

Female Male Total Female Male Total
Mianeh 24 27 51 21 21 42
Salmas 22 26 48 21 25 46
Zandjan 34 31 65 32 30 62
Zunuz 27 27 54 40 29 69
Khoramdareh 31 18 49 31 24 55
Meshkin Shahr 14 22 36 16 22 38
Shabestar 31 23 54 31 28 59
Marageh 32 28 60 35 35 70
Mahneshan 29 28 57 23 28 51
Total 244 230 474 250 242 492
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Fig. 1. Fore and hind wing of codling moth with landmark positions on them.
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Table 2. Two-way multivariate analysis of variance (MANOVA) for the shape variables of
fore and hind wings of codling moth in different geographical populations.

Forewing Hind wing
Source df Wilks' F af Wilks' F
lambda  Probability lambda  Probability
Population 208, (3322.477)  0.175 460580 144, (3375917)  0.187 660830
Sex 26, (431) 0.381 Zgé’go 18, (457) 0.217 gg'ggo
Popx Sex 208, (3322477) 0513 1A% 144,(3375.917) 0666 Lok

0.000 0.006
“Significant difference a 1% probability. Digjts in parenthesis indicate error degree of freedom used in significant test
of source of variation.
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Fig. 2. Distribution of males and females of codling moth through RWA1 RWA2 based on
landmarks: (A) forewing, (B) hind wing.
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Fig. 3. Overal deformations in the forewing (left) and hind wing (right) shape of codling
moth: (A) female, (B) reference shape, (C) male. Numbers show the landmarks.
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Table 3. One-way ANOVA of the centroid size of fore and hind wings in females and males.

Wing No. Female Mean No. Male Mean F Probability
Forewing 244 3.52e+ 003 230 3.26e+ 003 3.896° 0.036
Hind wing 250 4.47e+ 003 242 3.91e+ 003 8.650" 0.001
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